Cigarette smoking is a complex behavioral phenotype to which environmental, psychological and genetic factors contribute. The purpose of this study was to investigate these multifactorial effects with a specific focus on young women and on genes that encode serotonin (5-HT) receptors and the 5-HT transporter. A case-control sample of female Israeli college students provided comprehensive background data and details of cigarette smoking and completed a battery of psychological instruments. They were divided into smoking initiators (SI, n = 242) or non-initiators (NI, n = 148); SI were further subdivided into high (HND, n = 127) and low nicotine-dependent smokers (LND, n = 115) on the basis of their scores on the Fagerstrom Tolerance Questionnaire (FTQ). Single-nucleotide polymorphisms (SNPs) in five serotonin receptor genes (HTR1A, HTR1B, HTR2A, HTR2C and HTR6) and the 5-HT transporterlinked polymorphic region (5-HTTLPR) were genotyped. In a logistic regression model for SI (v 2 = 117.90, P = 1.6 Â 10 À19 , Nagelkerke R 2 = 0.42), novelty seeking (odds ratio (OR) = 1.134, P = 0.00009) was a significant risk factor. A five SNP CACCC haplotype in HTR6 was a strong protective factor against SI (OR = 0.26; P = 0.007). The interaction of HTR6-C276T genotype and lifetime traumatic experience contributed strongly to the risk of SI (OR = 13.88, P = 0.0001). Specifically, subjects homozygous for the HTR6-C276T C allele showed significantly increased risk of SI if they had experienced trauma. Although significant (v 2 = 42.85, P = 1.00 Â 10 À7 ), the best-fitting model for ND was less predictive than the model for SI (Nagelkerke R 2 = 0.24). HTR1B-G861C GG genotype (OR = 2.29, P = 0.01) was a significant risk factor for HND. Further studies should consider the interactive contribution of life events and relevant gene variants to cigarette smoking and other complex behavioral traits.
Introduction
In most western countries, smoking among young women continues to pose a major public health concern. Current government statistics indicate that in the US, 21 .5% of women aged 18-24 years report smoking daily, 1 and in Britain, 38% of women aged 20-24. 2 In Israel, the upward trend is disturbing: in 2003, 23 .7% of Jewish women aged 21-24 years reported daily smoking while the equivalent figure for 2005 was 26.3%. 3, 4 Cigarette smoking is a complex behavior to which multiple factors contribute and cigarette smokers are highly heterogeneous. 5 Nicotine is the major component in cigarette smoke that leads to addiction. 6 The development of nicotine dependence (ND) in vulnerable individuals requires exposure to nicotine, which occurs by voluntary initiation of cigarette smoking. Smoking initiation (SI) has been associated with family risk factors, such as parental smoking, [7] [8] [9] family protective factors, such as a strong parent-child relationship 10, 11 and psychological factors, such as extraversion, [12] [13] [14] novelty seeking, 15 ,16 neuroticism 14, 17, 18 and external locus of control. 19 Recently, an important link between traumatic life events and smoking initiation has come under increasing scrutiny. 14, [20] [21] [22] [23] Progression to ND occurs rapidly once regular smoking has been initiated. Nevertheless, not all smokers are addicted to the same degree. Severity of ND is reflected by indices such as the number of cigarettes smoked per day, urgency to smoke, inability to refrain from smoking in situations where it is not permitted and inability to quit the habit. 24 The factors reported to influence severity of ND overlap only partially with those that underlie SI. They include parental smoking 9, 10, 25 and harm avoidance. 15 High harm avoidance and neuroticism were related to severity of withdrawal symptoms from nicotine. 26 There is considerable interest in the role of genetic factors in complex behaviors such as cigarette smoking. Extensive evidence from twin and adoption studies supports a significant contribution of genetic factors to SI as well as progression to ND, with heritability of the order of 50-60%. [26] [27] [28] [29] Accordingly, major efforts are being made to identify specific genes that contribute to smoking phenotypes. These efforts have employed genome scans 30, 31 and candidate gene approaches that focus on loci implicated in the neurobiological effects of nicotine and in addictive processes in general. 32 Vulnerability to SI and ND in young women most likely involves additive and interactive contributions of background, psychological and genetic factors and is most effectively studied in a homogeneous sample, comprehensively evaluated for the relevant risk factors. Working with such a sample, we previously focused on nicotinic cholinergic receptor genes. 33 Employing logistic regression and controlling for known risk factors, we found that the best-fitting model for SI encompassed a five single nucleotide polymorphism (SNP) haplotype in the nicotinic cholinergic receptor gene, CHRNB2, neuroticism and novelty seeking. For severity of ND, two SNPs in CHRNA7, one SNP in CHRNA5 and the interaction of an SNP in CHRNA7 with neuroticism, were included in the model. These findings support the hypothesis that background factors, psychological characteristics and genetic variation in nicotinic cholinergic receptors contribute independently or interactively to SI and to severity of ND in young women. 33 Genes that encode key elements of the serotonergic system are strong candidates for a role in SI and ND. Genetic variants in tryptophan hydroxylase, the rate-limiting enzyme in serotonin biosynthesis, serotonin receptors and the serotonin transporter have been implicated in several neuropsychiatric phenotypes 34, 35 and in anxiety-related personality traits. 36 Frontocortical serotonin release has been shown to be increased by nicotine in rat brain and reduced during nicotine withdrawal 37, 38 and nicotine has complex effects on the firing of dorsal raphe serotonergic neurons. 39 On the other hand, the use of specific serotonin reuptake inhibitors, to aid smoking cessation, has had less success than agents with noradrenergic or dopaminergic actions such as nortryptiline and buproprion. 40, 41 Serotonin receptors are divided into seven families based on sequence homology, pharmacology and the second messenger systems to which they are linked. 42, 43 The 5-HT1 family includes 5-HT1A, B, D, E and F receptors and is negatively coupled to adenylate cyclase, to which 5-HT4, 5-HT6, 5-HT7 and possibly 5-HT5 receptors are positively coupled. The 5-HT2 family includes 5-HT2A, B and C and is linked to the inositol phosphate second messenger system. The 5-HT3 family is linked to ion channels. Except for the 5-HT2A receptor gene (HTR2A), 44, 45 serotonin receptor genes have not been studied previously in the context of smoking phenotypes. There are three studies of variants in the tryptophan hydroxylase 1 gene. [46] [47] [48] They show association of different smoking phenotypes with an intronic variant, C779A. There are considerably more studies of the serotonin transporter gene, all of which focus on the 44 base pair insertion deletion polymorphism in the promoter termed 5-HTTLPR. 16, [49] [50] [51] [52] [53] The results are complex with different alleles of 5-HTTLPR implicated in different studies and interactions with personality traits reported by some but not other groups (see Supplementary Table A for a summary of smoking studies and serotonergic system genes).
In this study, we examined the association of SNPs in five serotonergic receptor genes and of 5-HTTLPR with SI and ND in a case-control sample of young female college students. The analysis took into account the contribution of background, life experience and psychological characteristics of the subjects and the possible interaction of these variables with the serotonergic gene variants that we examined. We hypothesized that genetic variants could contribute directly or interactively with life experience and psychological characteristics to SI, ND or both.
Materials and methods

Subjects
The subjects for this project (n = 501, all female) were recruited from institutes of higher education in the Jerusalem area, as described previously. 33 Inclusion criteria were age (20-30 years), enrollment in an institute of higher education, Jewish origin with both parents Ashkenazi or non-Ashkenazi and no history of psychiatric treatment of any kind. Subjects who were not born and raised in Israel were excluded in order to prevent cultural bias. The project was approved by the Helsinki Committee (Internal Review Board) of the Hadassah Medical Organisation and all subjects gave written, informed consent. Subjects were coded as smoking initiators (SI) if they had smoked at some time during their lives and as noninitiators (NI) if they reported never having smoked a single cigarette. The current analysis included only SI who had smoked daily for at least 1 year (n = 242) and NI (n = 148). Among SI, those receiving a score of 6 or above on the Fagerstrom Tolerance Questionnaire (FTQ) 24 were coded as high nicotine dependent (HND, n = 127); those receiving scores of 4 or below were coded as low nicotine dependent (LND, n = 115). Subjects scoring 5 were excluded in order to maximize differentiation between the groups. Subjects were instructed to fill in the FTQ with reference to the smoking behavior most characteristic of them over the period they had smoked.
Evaluation instruments
Subjects completed questionnaires covering extensive background information, smoking behavior including the FTQ and alcohol and drug consumption and provided 30-50 ml of fresh blood for DNA extraction and lymphoblast transformation. A Lifetime Experiences of Trauma questionnaire was compiled by the research team and covered various types of experiences that may be considered traumatic, before and after age 17 years. Subjects were coded as having experienced a significant traumatic event if they reported (at any age) a traumatic sexual experience, being the victim of a violent attack or being present at a terrorist attack. For their overall score, subjects were coded only once irrespective of the number of traumatic events they had experienced. In this way, no assumptions were made about the cumulative effect of trauma, only whether trauma may be a factor or not. This approach contrasts with that which we applied in our study of nicotinic receptor genes in relation to SI and ND 33 where the analysis was based on the total number of lifetime traumatic events experienced by the individual.
Seven psychological measures were included in the evaluation: Brief Symptom Index (BSI), 54 59 a family perception measure and the Tridimensional Personality Questionnaire (TPQ), 60 a wellknown measure of personality. For the purpose of data reduction, a principal components analysis (PCA) was conducted on all the psychological measures, besides the TPQ, using the entire sample (n = 501). 33 A promax rotation produced three factors, which accounted for 56.4% of the variance and were interpreted as representing three psychological dimensions: Factor 1 accounted for 33.4% of the variance and was termed 'family supportiveness'. Factor 2 accounted for 12.9% of the variance and was termed 'sociability'. Factor 3 accounted for 10% of the variance and was termed 'neuroticism'. 33 
Genotyping
Details of the candidate genes that we examined and of the SNPs that were analyzed are given in Table 1 . We chose genes that have been directly associated with smoking phenotypes in previous research or with behavioral phenotypes that raise the possibility of such an association. Five serotonergic receptor genes as well as the 5-HTTLPR were examined. In HTR1A, HTR2A, HTR2C and 5-HTTLPR, we examined functionally significant polymorphisms located in coding or regulatory regions. All SNPs were assayed using an ABI SNaPshot kit (Applied Biosystems, Scoresby, Australia) and the products were analyzed in an ABI 310 DNA analyzer. This involves extending unlabeled primers by a single base using fluorescent-tagged ddNTPs. Each of the four bases is labeled with a different colored fluorescent dye that can be detected when run on the ABI genetic analyzer. The primers for the first and second PCR reaction are shown in Supplementary Table B. For the first reaction, a Ready Mix kit was used (Abgene, UK) at magnesium concentration of 1.5-2.5 mM MgCl 2 . The first PCR reaction was carried out as follows. The sample was initially heated at 951C for 5 min followed by 35 cycles of 951C (30 s), 551C (30 s), 721C (90 s) and a final extension step of 721C for 10 min. Genotyping of the 5-HTTLPR polymorphism was carried out according to a protocol described by Ebstein et al.
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Data analysis Student's t tests were used to test the significance of continuous variables. Pearson's w 2 or Fisher's exact tests (as appropriate) were used for categorical data. Data were analyzed using SPSS 13.0. Linkage disequilibrium between SNPs in the same gene was determined with Haploview V3.12. Haploview was also used to detect significant departure from HWE (P < 0.05), which was not found for any of the SNPs. Individual haplotype estimations from the population genotype data were obtained using the program, PHASE V.2.
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The power of the sample was calculated with Power and Precision, Release 2.0. The sample had 80% power to detect differences of 8-10% in allele frequency between SI and NI. For associations with ND, the sample had 80% power to detect frequency differences of 9-13%. With regard to those polymorphisms where subjects were divided according to Ashkenazi or non-Ashkenazi origin, there was 80% power to detect frequency differences of 12-15% for SI. For ND frequency, differences of 17-18% could be detected with 80% power.
To identify predictors of SI and ND, we employed logistic regression. Univariate analyses were used to identify background variables to be controlled for in the analysis (P < 0.05) as well as candidate predictors, using a cutoff value of P < 0.25. 64 These were entered using a backward stepwise regression procedure based on likelihood ratio. A series of logistic regressions was performed to identify interactions between SNP genotypes and haplotypes and life experience and psychological variables. Interactions that were significant at P < 0.25 were entered as a final step in the logistic regression. In order to obtain a hierarchically well-formulated model, all lower order components of the highest order interaction term were included in the model. 65 These analyses yielded specific models for SI and ND that took into account background variables and delineated the contributions of psychological factors, traumatic events, SNPs, haplotypes and relevant interactions.
To adjust for multiple testing, Bonferonni correction was applied to all univariate analyses.
Results
Demographic variables
As noted previously (Greenbaum et al., 2006) , SI (n = 242) were slightly but significantly older than NI (n = 148) (SI: 3.2472.3, NI: 23.272.1 years; P = 1.70 Â 10 À6 ), were less likely to be religiously observant (SI: 7.4%, NI: 32.4%; P = 1.67. Â 10
À10
) and had higher lifetime body mass index (BMI) not including pregnancy (SI: 24.074.2 NI: 22.974.2; P = 0.02). Additionally, SI were more likely to have had a parent who smoked (SI: 80.3%, NI: 57.6%; P = 1.97 Â 10
À6
). No differences were observed between SI and NI on education, ethnicity or military service. SI who exhibited higher levels of nicotine dependence (HND, n = 127) were more likely than LND smokers (n = 115) to have had a parent who smoked (HND: 85.8%, LND: 73.9%; P = 0.02), to have had their first cigarette at an earlier age (HND: 15.6 þ 2.2, LND: 16.5 þ 2.5; P = 0.006) and to have a higher lifetime duration of smoking, controlling for age (HND: 27.0% þ 9%, LND: 21.0% þ 10%; P = 1.28 Â 10
).
Univariate analysis of SNPS and haplotypes
Two SNPs showed significant association with ethnicity. The G allele of the HTR2A (À1438)G/A polymorphism was more frequent in Ashkenazi than nonAshkenazi subjects (0.55 vs 0.46, x 2 = 9.35, P = 0.002). The C (cys) allele of HTR2C C68G (cys23ser) was more frequent in Ashkenazi subjects (0.60 vs 0.40, x 2 = 6.95, P = 0.008). Therefore, univariate analyses of these two SNPs in relation to SI and ND were performed separately in Ashkenazi and non-Ashkenazi subjects. Because of the complexity of accounting for effects of ethnicity, these two SNPs were not included in the logistic regression models.
There was no direct allelic association of any of the individual SNPs with SI (Supplementary Table C) . Two SNPs in HTR6 (rs4912138: x 2 = 5.19, P = 0.02 and rs4912138: x 2 = 5.29 P = 0.02) were nominally associated with ND (Supplementary Table D) . There was nominally significant association of HTR1B G861C genotype with ND (x 2 = 8.06, P = 0.018) (Supplementary Table D) due to an excess of GG homozygotes in the HND group. These associations would not withstand Bonferonni correction for multiple testing that takes into account the overall number of tests performed. HT2RC cys23ser genotype was nominally associated with SI among Ashkenazi subjects (x 2 = 6.57, P = 0.038) (Supplementary Table C ) but this could be a spurious finding due to the very low number of ser-ser homozygotes (less than 5% of the total).
As shown in Table 2 , the SNPs in HTR6 were in linkage disequilibrium. A single haplotype block encompassing SNPs rs3790756, rs6699866 and rs9659997 was identified according to confidence interval (CI) algorithm implemented in Haploview. A Serotonergic genes and smoking E Lerer et al second block encompassing rs1805054 and rs4912138 was defined by the four-gamete rule, whereas according to the solid spine of LD algorithm a single block encompassed all the SNPs. We examined association of haplotypes derived from all five SNPs with SI and ND, limiting our analysis to haplotypes with a frequency X5%. Table 3 shows the four common haplotypes that were identified in the sample and their frequencies in relation to SI and ND. The CACCC haplotype was protective against SI (NI 0.04, SI 0.10, x 2 = 10.76, P = 0.001). This association survives Bonferonni correction for the four haplotypes and the five SNPs tested for association with SI (nine tests, required a 0.005). The CGCCT haplotype was protective against ND (LND 0.60, HND 0.49, x 2 = 5.90, P = 0.015). This association does not survive correction for multiple testing.
The three SNPs in HTR1B were also in linkage disequilibrium (D 0 0.97-0.85). No haplotype blocks were defined by the confidence interval algorithm of Haploview. A block encompassing SNPs rs6298 and rs130058 was defined by the four-gamete rule, whereas the additional SNP (rs62962) was included with the two others in the block defined by the solid spine of LD algorithm. Based on all three SNPs, three common haplotypes were identified (GCA: 0.44, GCT: 0.30, CTA: 0.21). None were associated with SI. The GCA haplotype was marginally more frequent in HND than in LND subjects (0.49 vs 0.40, x 2 = 3.475, P = 0.052). There was no LD between the two HTR2A SNPs. HTR2A haplotypes were not examined in association with SI and ND because of the ethnic variation of the HTR2A (À1438)G/A polymorphism that was detected in our sample.
Traumatic life experience
In all, 41.9% of the subjects reported having experienced at least one traumatic event. The frequency of reported trauma by category and its relationship to SI and ND is shown in Table 4 . A history of trauma was highly associated with SI (P = 0.001) but no association was found with ND. SI was related to being the victim of a physical assault before the age of 17 years (x 2 = 4.92, P = 0.027) and having had a traumatic sexual experience since the age of 17 years (x 2 = 5.50; P = 0.019).
Logistic regression models for smoking initiation and ND
We performed logistic regression to determine predictors of SI and ND by fixing background variables and then entering stepwise psychological, lifetime trauma and genetic variables that were identified by the univariate analysis (P < 0.25). Thereafter, interactions between psychological/life experience variables and genetic variables were entered stepwise, along with their components, if not already included. Table  5 presents the best-fitting model predicting SI among the subjects in our study. The model was significant (x 2 = 117.90, P = 1.6 Â 10
À19
, Nagelkerke R 2 = 0.42). Adjusting for the effect of parental smoking, religious observance, age and highest lifetime BMI, novelty seeking (odds ratio (OR) = 1.13, P = 0.00009) was a significant risk factor for SI. Neuroticism met the criterion (P < 0.10) for retention in the model, but was only marginally significant (OR 1.39, P = 0.07) as a risk factor. A CACCC haplotype in HTR6 was a strong protective factor (OR = 0.26, P = 0.007) as compared to non-carriage of the haplotype. Even though SNP rs9659997 is a component of the haplotype Abbreviations: HND, high nicotine dependent; LND, low nicotine dependent; ND, nicotine dependence; SI, smoking initiation. Nominally significant comparisons (P < 0.05) in bold font.
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(maximum collinearity 20%), it remained in the logistic regression model and contributed as a protective factor against SI (OR for CT compared to TT genotype = 0.42, P = 0.02). The interaction of HTR6-C276T genotype and lifetime traumatic experience contributed strongly to the risk of SI, with an OR of 13.88 (P = 0.0001). In this analysis, the nine subjects who were homozygous for the minor HTR6-C267T T allele were excluded. Addition of these subjects to the CT heterozygotes did not substantially alter the results of the analysis. This interaction was further examined by stratifying smoking initiation status and trauma status by genotype. As shown in Figure 1 , subjects homozygous for the C276T C allele showed a significantly increased risk of SI if they had experienced trauma (OR = 3.10, 95% CI 1.83-5.26, w 2 = 18.36, P = 0.000018) as compared to subjects who had not. Among CT heterozygotes, there was no significant association between SI and trauma (OR = 0.79, 95% CI 0.35-1.81, w 2 = 0.30, P = 0.58). As noted previously, there were too few TT homozygotes to determine the association of SI and trauma in subjects with this genotype. There was no effect of the interaction on ND. No similar interactions affecting SI or ND were found between the other serotonergic variants that we tested and lifetime traumatic experience. Neuroticism was also tested in this context but no significant interactions were observed.
The best-fitting logistic regression model for ND is shown in Table 6 . Although significant (w 2 = 42.85, P = 1.20 Â 10 À7 ), it was not as strong (Nagelkerke R 2 = 0.24) as the model for SI. Parental smoking, age at first cigarette and aged corrected years of smoking were adjusted for in the model. Only one psychological factor (novelty seeking) emerged as a predictor of HND in the logistic regression model, at a marginal level of significance (OR = 1.06, P = 0.08). HTR1B-G861C GG genotype (OR = 2.29, P = 0.01) was a significant risk factor for HND as compared to the CG genotype. The CGCCT haplotype in the 5-HT26 receptor gene was marginally significant as a protective factor against HND (OR = 0.50, P = 0.06) as compared to non-carriage of the haplotype.
Discussion
The focus of this paper is on the role of genes that encode five serotonin receptors and the serotonin transporter in the susceptibility of young women to initiate cigarette smoking (SI) and on their level of dependence on nicotine (ND) once the habit has become entrenched. We studied a sample that was recruited with a priori control of factors such as age, sex, educational level and prior psychiatric treatment that are strongly related to cigarette smoking. In analyzing the data, we controlled for additional background variables that were identified within the sample as influencing the target phenotypes. We examined the contribution of lifetime traumatic experience, psychological characteristics Nominally significant comparisons (P < 0.05) in bold font.
Serotonergic genes and smoking E Lerer et al and polymorphisms and haplotypes in the target serotonergic genes as well interactions between genotype and the traumatic and psychological variables. The best-fitting logistic regression model indicated that the personality trait, novelty seeking (OR 1.13) contributed significantly to SI. A CACCC haplotype in HTR6 was a signficant protective factor against SI (OR = 0.26). There was a strong contribution of the interaction between HTR6-C267T genotype and traumatic lifetime experience to risk for SI (OR = 14.76). This was owing to a significantly greater effect of lifetime trauma in subjects who were homozygous for the 267C allele of HTR6 as compared to subjects with the CT genotype. HTR1B-G861C GG genotype was a significant risk factor in the model for ND with the personality trait, novelty seeking and the HTR6-CGCCT haplotype contributing marginally.
Although we previously noted a relationship between lifetime experience of trauma and SI, 33 as have several other authors, 14, [20] [21] [22] [23] in this paper we show a strong interaction with HTR6-C267T genotype. Our results indicate that while experience of traumatic events is associated on its own with increased risk of SI, the effect is amplified in individuals who carry specific variants of 5-HT6 receptor gene. This finding is of interest in the context of previous reports of interactions between a genetic variant in the serotonin transporter (5-HTTLPR) and neuroticism in conferring susceptibility to smoking phenotypes (Supplementary Table A) . Lerman et al. 52 reported that neuroticism was associated with nicotine intake, nicotine dependence and smoking motivation in subjects who carry the 5-HTTLPR S allele (SS or LS genotypes). Hu et al. 51 found that neuroticism was positively correlated with current smoking and negatively correlated with smoking cessation in carriers of SS/LS genotypes. We did not find interactive effects of variants in serotonergic genes other than HTR6 and lifetime traumatic experience on SI or ND nor interactive effects of any of the genes with neuroticism.
The two serotonergic receptor genes that we found associated with cigarette smoking, HTR6 and HTR1B, have not been studied previously in relation to these phenotypes. A five SNP CACCC haplotype in HTR6 were protective against SI and the HTR6-C276T variant interacted strongly with trauma to increase susceptibility to SI. The 5-HT6 receptor is almost exclusively expressed in the CNS. It has been shown to regulate glutamatergic and cholinergic neuronal activity and may be involved in the regulation of cognition and feeding. 66 The C267T polymorphism in HTR26 is silent but has been found to be associated with response to antidepressant treatment. 67 The HTR1B (861)G/C SNP contributed significantly in the logistic regression for ND. The 5-HT1B receptor is thought to play a pivotal role in serotonergic neurotransmission as an autoreceptor regulating 5-HT release into the synaptic cleft and also as a heteroceptor. Multiple lines of evidence suggest that 5-HT1B receptors are implicated in locomotor activity, drug abuse reinforcement, migraine, aggressive behavior, depression and anxiety states. 68 The G861C polymorphism is silent but may influence the secondary structure of RNA and has been associated with neuropsychiatric phenotypes such as alcoholism, suicide attempts, minimum lifetime BMI in bulimia nervosa patients and obsessive compulsive disorder. 69 The other serotonin receptor genes that we studied have also been extensively evaluated for association with psychiatric and psychopharmacogenetic phenotypes, 34, 35 but only one (HTR2A) has been studied in relation to cigarette smoking. 44, 45 Prado-Lima et al. 45 found an association of current smoking with the intronic T102C polymorphism, whereas Terayama et al. 44 found none. We examined two polymorphisms in HTR2A, (À1438)G/A, which is located in the promoter and is in strong LD with T102C in the Jewish, Israeli population, 70 and the coding polymorphism, his452tyr. Because of a difference in allele frequency between Ashkenazi and non-Ashkenazi subjects for (À1438)G/A, we examined this polymorphism separately in the two groups. There was no association of either variant in HTR2A with SI or ND. In the 5-HT1A receptor, we examined a (À1019)C/G polymorphism in the promoter that has been shown to have functional effects on the receptor and has been associated with depression and response to antidepressant treatment. 71 We did not observe association between this polymorphism and SI or ND. Association of the cys23ser polymorphism in the 5-HT2C receptor with SI and ND was examined separately in Ashkenazi and nonAshkenazi subjects because of a difference in allele frequency between the groups. This polymorphism has also been linked to a wide range of psychiatric phenotypes. 34, 35 In the present study, a marginal genotypic association with SI was observed and no association with ND. We observed no association of the serotonin transporter polymorphism, 5-HTTLPR, with SI or ND.
The results we report should be considered with appropriate reservations. For three of the five serotonin receptor genes that we studied (HTR1A, HTR2A, HTR2C) and also the serotonin transporter, we focused on specific regulatory or coding polymorphisms previously associated with smoking or with neuropsychiatric phenotypes. Our findings are relevant to the association of these specific polymorphisms with SI and ND, but do not exclude the possibility of other variants in the gene being associated. For HTR1A and HTR6, we typed haplotype tagging SNPs and our findings are thus relevant to the gene as a whole. Our sample had moderately high power to detect associations of the polymorphisms that we studied with SI (80% power to detect frequency differences of 8-10%). For associations with ND, the power was slightly less, commensurate with the reduced sample size (SI only, divided into HND and LND, 80% power to detect frequency differences of 9-13%). Power was notably less for those polymorphisms where subjects were divided according to Ashkenazi or non-Ashkenazi origin (80% power to detect frequency differences of 12-15% for SI; 80% power to detect frequency differences of 17-18% for ND). With regard to ND, the slightly lower power should be balanced against the fact that extreme groups were studied and subjects with intermediate levels of nicotine dependence on the FTQ were excluded from the analysis. Another possible source of error, stratification on the basis of ethnicity, was addressed a priori by including only subjects of Jewish origin both of whose parents were of Ashkenazi or non-Ashkenazi origin. Ashkenazi and non-Ashkenazi subjects were analyzed together only if there was no difference in allele frequency between the groups. A further consideration is the number of statistical tests performed and the possibility of type 1 error owing to chance findings. Analyses of the association of individual SNPs and haplotypes with SI and ND were subject to Bonferonni correction for multiple testing. However, corrections were not made for the numerous tests involved in building the logistic regression models and in defining the best-fitting model, including the interactions between genotypes and lifetime traumatic experience and psychological variables. Our sample was not large enough to permit an internal replication study in split samples; therefore, our findings must be regarded as preliminary until replicated by others. It should also be noted that the subjects for this study were not interviewed with a structured or semistructured instrument and psychiatric history was by selfreport.
In conclusion, the most prominent novel finding of this study is the strong contribution of traumatic life experience to risk for initiation of cigarette smoking among young women and the apparent amplification of this effect by genetic variation in the 5-HT6 receptor. Other variants in the 5-HT6 receptor gene were found to be associated with smoking initiation in a protective role and not related to trauma. Further studies should consider the interactive contribution of life events and genotype to SI and other complex behavioral phenotypes. 
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